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(54) Semiconductor Integrated circuit operable as a phase-locked loop 



(57) A siemiconductor integrated circuit (10) gener- 
ating a stabilized oscillation signal based on an input 
signal is disclosed. The circuit includes a pluralrty of unit 
circuits (20A, 20B) connected in series, each of the unit 
circuits having at least an oscillator (203). a divider 
(204). and a phase conrparator (201) which construct at 



least one part of a phase-locked loop. In the unit circuit, 
a frequency of an oscillation output signal (203a-2) of a 
latter one (206) of the unit circuits is larger than that of 
an oscillation output signal (203a-1) of a former one 
(20A) of the unit circuits. 
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Description 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 



The present invention generally relates to a semi- 
conductor integrated circuit operable as a phase-locked 
loop, and more particularly, to a semiconductor inte- 
grated circuit operable as a phase-locked loop which 
generates an extremely stable high-frequency oscilla- 
tion signal. 

The present invention is also directed to a semicon- 
ductor integrated circuit operable as a clock recovery 
circuit using a phase-locked loop. 

2. Description of the Related Art 

FIG. 1 shows a first configuration example of a prior 
art semiconductor integrated circuit using a phase- 
locked loop (PLL). A semiconductor integrated circuit 
9A is constructed with an oscillator 3. a divider 4, a 
phase comparator (also refen-ed to as a phase detector) 
Land a loop filter 2. 

The oscillator 3 generates an oscillation output sig- 
nal 3a whose frequency is n times a frequency of input 
data lb and is controlled by an oscillation-frequency 
control signal 2a. In the divider 4, the frequency of the 
oscillation output signal 3a is divided by n (n is a division 
ratio, n = 1 , 2, 3....) to produce a divided signal 4a. 

The phase conrparator 1 compares the frequency 
of the divided signal 4a witfi the frequency of ttie input 
data 1b, and outputs a phase comparison signal la 
according to a difference of their frequencies. The loop 
filter 2 integrates the phase comparison signal 1a and 
converts It Into the oscillation-frequency control signal 
2a. 

In this way. in the PLL circuit used in the semicon- 
ductor Integrated circuit 9A, a feedback loop, in which 
the oscillation output signal 3a is fed back to the phase 
comparator 1 through the divider 4. is formed. 

FIG. 2 shows a second configuration example of 
the prior art semiconductor integrated circuit using the 
PLL. FIG. 3 shows a timing chart of tiie second configu- 
ration exanple of the prior art semiconductt»r integrated 
circuit shown in FIG. 2. In a semiconductor integrated 
circuit 9C shown in FIG. 2, in addition to the PLL circuit 
of the semiconductor integrated circuit 9A, a retiming 
block 9B is provided, and thus, tiie semiconductor inte- 
grated circuit 9C may be operative as a timing (clock) 
recovery circuit. The retiming block 9B generates retim- 
ing data 6a from tiie Input data lb based on the oscilla- 
tion output signal 3a (recovered clock) of the oscillator 
3. 

The retiming block 9B is constructed with a pulse 
generating circuit 5, a retiming circuit 6. and a delay cir- 
cuit 7. As shown in FIG. 3, the pulse generating drcuit 5 
detects a transition timing (an edge) of tfie input data 1 b. 
and generates a detected pulse signal 5a so as to be 
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triggered by the transition timing. The delay circuit 7 
delays tiie oscillation output signal 3a of the oscillator 3 
and ti-ansits delayed data 7a to'ttie retiming circuit 6. 
The retiming circuit 6 operates a retiming operation, and 
5 generates ttie retiming data 6a from tiie input data lb 
based on the delayed data 7a. 

The PLL circuit is provided as a feedback loop 
between the pulse generating circuit 5 and the delay cir- 
cuit 7, and is operative so that tiie pulse edge of the 
10 oscillation output signal 3a is positioned in a center off 
one pulse of the detected pulse signal 5a. 

However, there are the following problems in ttie 
above-discussed prior art semiconductor Integrated cir- 
cuits 9A, 90. 

15 In ttie semiconductor integrated circuit 9A shown in 
FIG. 1 , when the high-frequency oscillation output sig- 
nal 3a is generated by multiplying the low-frequency 
input data lb, and when the multiplication ratio (equal to 
ttie division ratio n) is large, the PLL operation becomes 
20 unstable. As a result, tiiere is a problem in that it is diffi- 
cult to generate the oscillation output signal 3a having 
an extremely stable frequency for a large division ratia 
For example, when ttie frequencies of ttie oscilla- 
tion output signal 3a and the input data 1b are respec- 
25 tively 100 MHz and 1 MHz (namely, ttie division ratio is 
100), only one pulse of the input data lb is supplied to 
ttie phase comparator 1 during ttie time the osdilator 3 
operates so as to generate 100 pulses. 

Therefore, a suffrcient number of phase comparing 
30 operations between ttie input data 1 b and the oscillation 
output signal 3a are not earned out, and, thus, ttie PLL 
operation becomes unstable. As a result a frequency 
shift may occur between the frequency of the oscillation 
output signal 3a and a desired frequency obtained by 
35 multiplying the frequency of the input data 1b by ttie 
division ratio n. Thus, a high stability of the oscillation 
output signal 3a may not be obtained. 

On ttie other hand, in the semiconductor integrated 
circuit 9C shown in FIG. 2. ttie input data lb is not a reg- ' 
40 ular alternating signal , and changes substantially at ran- 
dom such as a demodulated signal. Therefore, a degree 
of the oscillator frequency control signal transmitted to 
the oscillator 3 decreases as compared to the conven- 
tional PLL circuit (successive data is provided to ttie 
45 phase comparator 1 as ttie reference signal). Accord- 
irigly. ttiere is a problem in that an operation of ttie PLL 
circuit in the timing recovery circuit becomes unstable, 
and an error may occur in the retiming data 6a. 

Further, in the retiming block 9B. ttie delay circuit 7 
so delays the oscillation output signal 3a so that the pulse 
edge of the oscillation output signal 3a is positioned in 
ttie center of one pulse of ttie detected pulse signal 5a. 
However, the delay time by the delay circuit 7 may easily 
be influenced from an outside temperature, fluctuation 
55 of an operation power source, manufacture dispersion, 
etc. As a result, ttiere is a problem in that an error may 
occur in the retiming data 6a. 
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SUMMARY OF THE INVENTION 

It Is an object of the present invention to provide a 
semiconductor integrated circuit operable as a phase* 
locked loop (PLL). In the semiconductor integrated cir- 
cuit, even if. in the PLL. a large division ratio is required 
for generating a high-frequency oscillation output signal 
based on low-frequency input data, an extremely stable 
high-frequency oscillation output signal may be gener- 
ated. 

It is another object of this invention to provide a 
semiconductor integrated circuit operable as a dock 
recovery circuit using a PLL. In the semiconductor Inte- 
grated circuit, a stable operation in the clock recovery 
circuit may be achieved for input data changing at ran- 
dom. 

Further, the clock recovery drcuit is prevented from 
being influenced from outside temperature, fluctuation 
of an operation power source, manufacture dispersion, 
etc. Therefore, pulse edges of an osdilation output sig- 
nal of the PLL nnay be precisely positioned in substan- 
tially the center of one data pulse of a detected pulse 
signal produced based on Input data. As a result retim- 
ing data may be generated without causing an error 

This permits the disadvantages described atx)ve to 
be eliminated. 

The objects desaibed above are achieved by a 
semiconductor integrated circuit generating a stabilized 
oscillation signal based on an input signal, the circuit 
conprising: a plurality of unit circuits connected in 
series, each of the unit circuits having at least an oscil- 
lator, a divider, and a phase comparator which construct 
at least one part of a phase-locked loop: wherein a fre- 
quency of an osdilation output signal of a latter one of 
the unit circuits is larger than that of an osdilation output 
signal of a former one of the unit circuits. 

The objects described above are also achieved by 
the semiconductor integrated circuit mentioned above, 
wherein each of the unit circuits comprises a loop filter, 
and a loop filter provided in the latter one of the unit dr- 
cuits generates an oscillation-frequency control signal 
larger than that generated from a loop filter provided in 
the former one of the unit drcuits. 

The objects described above are also achieved by 
the semiconductor integrated circuit mentioned above, 
wherein the oscillator provided in the latter one of the 
unit circuits has a variable frequency range larger than 
that of the osdilator provided in the former one of the 
unit circuits. 

According to one of the above-discussed semicon- 
ductor integrated circuits, even if a large total multiplica- 
tion ratio (division ratio) is required for generating the 
stabilized oscillation signal based on the input signal in 
the semiconductor integrated circuit using the PLL by 
providing a plurality of unit circuits (PLLs) connected in 
series, the large total multiplication ratio may be divided 
into a plurality of small division ratios in the PLLs. 
Accordingly, the control information to be provided to 
the osdilator increases, and. thus, an extremely stable 



high-frequency osdilation output signal may be pro- 
duced. 

The objects described above are also achieved by 
the semiconductor integrated drcuit mentioned above. 
5 further comprising isolating regions for electirically iso- 
lating the unit circuits from each other. 

According to the above-discussed semiconductor 
integrated circuit between regions of the PLLs, the iso- 
lating regions for electrically isolating the PLLs from 
10 each other are provided. Therefore, electromagnetic 
interruption caused by the oscillators of the PLL^ may 
be reduced. As a result, in the serhiconductor integrated 
drcuit. a further stable high-frequency oscillation output 
signal may be generated. 
IS The objects described above are also achieved by 
the semiconductor integrated drcuit mentioned above, 
further comprising a dedicated power source for each of 
the unit circuits. 

According to the above-discussed semiconductor 

20 integrated circuit, the power sources are indivkJually 
provkJed. Therefore, the electromagnetic interruption 
caused by the oscillators of the PLLs may be reduced. 
As a result, in the semiconductor integrated circuit, a 
further stable high-frequency oscillation output signal 

25 may be generated. 

The objects descrit)ed above are also achieved by 
the semiconductor integrated drcuit mentioned above, 
wherein at least one of the unit drcuits comprises: at 
least one of a differential output circuit and a differential 

30 receive circuit: wherein: the differential output drcuit 
couples witii an output part of the oscillator, and con- 
verts the oscillation output signal of the oscillator into a 
differential oscillation output signal to be transmitted to 
tiie latter one of the unit circuits; and tiie differential 

35 receive circuit couples with an input part of the phase 
comparator, receives the differential osdilation output 
signal transmitted from the differential output circuit pro- 
vided in the former one of the unit drcuits, and converts 
the differential oscillation output signal into an input sig- 

40 nal of the phase comparator. 

According to the atx)ve-discussed semiconductor 
integrated circuit, a differential transmission is used 
between the unit circuits. Therefore, the electromag- 
netic interruption caused in the unit circuits may be 

45 reduced, and a mismatch of signal levels between the 
unit circuits may be prevented. As a result, in the semi- 
conductor integrated circuit, a furtiier stable high-fre- 
quency osdilation output signal may be generated. 
The objects described above are also achieved by 

50 the semiconductor integrated drcuit mentioned above, 
wherein the divider provided in at least one of the unit 
drcuits comprises a division ratio less than a ratio of the 
frequency of tiie oscillation output signal to a frequency 
of an input signal of the phase comparator. 

55 According to the alx)ve-discussed semiconductor 
integrated drcuit. tiie division ratio n of tiie divider is set 
to be less than a conventional value. Therefore, degra- 
dation of the control range in the phase comparator may 
be reduced. Accordingly, even if a large multiplication 



ratio is required to generate the stabilized output signal 
in the semiconductor integrated circuit using the PLL 
circuit, an extremely stable high-frequency oscillation 
signal may be obtained from the semiconductor inte- 
grated circuit. 

The objects described above are also achieved by 
a semiconductor integrated circuit including a unit circuit 
which constructs at least one part of a phase-locked 
loop and operates as a clock recovery circuit to gener- 
ate a synchronized oscillation signal based on input 
data, and a retiming part which generates recovery data 
by the oscillation output signal from the input data, the 
unit circuit comprising: an oscillator generating an oscil- 
lation output signal whose oscillation frequency is 
changed to substantially M x (nVn) when a transmis- 
sion rate of the input data is changed to M x (m/n) , 
where M is a given frequency and m, n are 1, 2, 3....; 
and a phase comparator; wherein the oscillation output 
signal generated in the osdllator is provided to the 
phase comparator without passing through a divider 
and is directly compared with the Input data. 

According to the above-discussed semiconductor 
integrated circuit, the oscillation output signal is fed 
back to the phase comparator without passing through 
the divider, and is always directly compared with the 25 
input data. Therefore, a degree of control information 
produced from the phase comparator may be increased 
as compared to the conventional PLL including the 
divider and the oscillator generating only one frequency 
band. As a result, an error is prevented from being 30 
caused in the retiming (recovery) data. 

The objects described above are also achieved by 
the semiconductor integrated circuit mentioned above, 
wherein the oscillator comprises: a multivibrator for gen- 
erating the oscillation output signal whose frequency is 35 
determined by a cun^ent flowing through the multivibra- 
tor; and current switches coupling to the multivibrator 
and controlling the current flowing through the multivi- 
brator, the cun-ent switches respectively having current 
sources; wherein by controlling the current switches to 40 
add currents of the cun-ent sources to the current flow- 
ing through the multivibrator, the oscillation frequency of 
the oscillation output signal of the oscillator is changed 
to substantially M x (m/n) . 

According to the above-discussed semiconductor 45 
integrated circuit, the oscillator is constructed with the 
multivibrator and the current switches. Therefore, the 
oscillation frequency of the oscillation output signal of 
the oscillator may be easily changed to substantially 
M x (m/n) . As a result, a stable PLL operation in the so 
clock recovery circuit may be carried out. and errorless 
recovery data may be generated. 

The objects described above are also achieved by 
the semiconductor integrated circuit mentioned above, 
wherein the oscillator comprises: a ring oscillator includ- ss 
ing a plurality of gate circuits connected in series in a 
ring; and at least one switch circuit for changing the 
number of the gate circuits in the ring; wherein by con- 
trolling the switch drcurts to change the number of the 



gate circuits in the ring, the oscillation frequency of the 
oscillation output signal of the oscillator is changed to 
substantially M x (m/n) . 

According to the above-discussed semiconduclor 
5 integrated circuit, the oscillator is constructed with a plu- 
rality of gate circuits and at least one switch circuit. 
Therefore, the oscillation frequency of the oscillation 
output signal of the oscillator may be easily changed to 
substantially M x (m/n) . As a result, a stable PLL oper- 
10 ation in the clock recovery circuit may be candied out, 
and erroriess recovery data may be generated. 

Tlie objects described above are also achieved by 
a semiconductor integrated circuit including a unit circuit 
which constructs at least one part of a phase-locked 
15 loop and operates as a clock recovery circuit to gener- 
ate an oscillation output signal based on Input data, and 
a retiming part which generates recovery data by the 
oscillation output signal from the input data, the unit cir- 
cuit comprising: an oscillator generating the oscillation 
20 output signal whose oscillation frequency band is sub- 
stantially fixed to M even when a transmission rate of 
the input data is changed to M x (m/n) , where M is a 
given frequency, andm, n are 1, 2, 3....; and a phase 
comparator: wherein the oscillation output signal gener- 
ated in the oscillator is provided to the phase compara- 
tor without passing through a divider and is directly 
compared with the input data. 

According to the above-discussed semiconductor 
integrated circuit the oscillation output signal of the 
oscillator is directly fed back to the phase comparator 
without passing through the divider. Therefore, a loop 
gain in the PLL circuit is prevented from being 
degraded. As a result, a stable PLL operation in the 
clock recovery circuit may be earned out. and en-orless 
recovery data may be generated from the semiconduc- 
tor integrated circuit 

The objects described above are also achieved by 
a semiconductor integrated circuit Including a unit circuit 
which constructe at least one part of a phase-locked 
loop and operates as a clock recovery circuit to gener- 
ate a synchronized oscillation signal based on input 
data, and a retiming part which generates recovery data 
by the oscillation output signal from the input data, the 
retiming part comprising: a pulse generating circuit 
detecting level transition of the input data and generat- 
ing a detected pulse having a pulse width 6t to be pro- 
vided to the unrt circuit; a delay circuit delaying the input 
data by a given delay time determined based on the 
pulse width 6t in order to produce delayed data; and a 
retiming circuit candying out a retiming operation for the 
delayed data by one of a leading edge and a trailing 
edge of the synchronized oscillation signal in order to 
generate the recovery data. 

According to the above-discussed semiconductor 
integrated drcuit. the delay drcuit is provided between 
the input data and the retiming circuit. Therefore, when 
the given delay time in the delay circuit is changed due 
to an outside temperature, fluctuation of an operation 
power source, dispersion due to manufacture, etc., in 
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the same way, the pulse width 5t of the detected pulse is 
also changed. Since the oscillation output signal is syn- 
chronized with the detected pulse, even if the given 
delay time in the delay drcurt changes, a stable retiming 
operation may be carried out. As a result, errorless 
recovery data may be generated. 

The objects described above are also achieved by 
the semiconductor integrated circuit mentioned above, 
wherein the unit circuit substantially comprises a phase- 
locked loop operating so that one of the leading edge 
and the trailing edge of the synchronized oscillation sig- 
nal is adjusted to substantially the center of the pulse 
width 5t of the detected pulse, and the given delay time 
of the delay circuit is set to be substantially 6t/2, 
whereby one of the leading edge and the trailing edge of 
the synchronized oscillation signal is adjusted to sub- 
stantially the center of one data pulse width of the 
delayed data. 

According to the above-discussed semiconductor 
integrated circuit, the PLL circuit is constructed so that 
the leading edge or the trailing edge of the oscillation 
output signal 203a is adjusted to substantially the center 
of the pulse width 6t of the detected pulse. Therefore, 
even if the delay time 5t/2 in the delay circuit is changed, 
the leading edge or the trailing edge of the oscillation 
output signal may be always posrtioned at substantially 
the center of the one data pulse of the input data. As a 
result, the clock recovery circuit in the semiconductor 
integrated circuit is prevented from being influenced 
from an outside temperature, fluctuation of an operation 
power source, dispersion due to manufacture, etc., and 
en-orless recovery data may be generated. 

The objects described above are also achieved by 
the semiconductor integrated circuit mentioned above, 
wherein the pulse generating circuit and the delay dr- 
cuit construct a combination circuit, the combination cir- 
cuit comprising a first delay circuit delaying the input 
data by the given delay time 5t/2. a second delay drcuit 
delaying an output of the first delay circuit by the given 
delay time 5t/2. and a logically synthesizing circuit syn- 
thesizing the input data and delayed data transmitted 
through the first delay drcuit and the second delay dr- 
cuit so as to generate the detected pulse having the 
pulse width 5t; and the delayed data of the delay drcuit 
is derived from the output of the first delay circuit. 

According to the above-discussed semiconductor 
integrated circuit, the pulse generating drcuit and the 
delay circuit in the retiming part may be easily con- 
structed as the simplified combination drcuit. Therefore, 
the clock recovery circuit of the semiconductor inte- 
grated circuit may be sinnpiified. 

The objects described above are also achieved by 
the semiconductor integrated circuit mentioned above, 
wherein the phase-locked loop comprises a differential 
ring oscillator. 

According to the above<liscussed semiconductor 
integrated circuit, the oscillator in the PLL is constructed 
with the differential ring oscillator. Therefore, regardless 
of outside temperature, fluctuation of an operation 



power source, dispersion due to manufacture, etc.. a 
proper duty ratio of the oscillator may be obtained in the 
PLL clock recovery circuit of the semiconductor inte- 
grated drcuit 30, and, thus, errorless recovery data may 
5 be generated. 

Other objects and further features of the present 
invention will be apparent from the following detailed 
description when read in conjunction with the accompa- 
nying drawings. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a prior art semiconductor integrated 
drcuit using a phase-locked loop (PLL); 
15 FIQ. 2 shows a second configuration example of 
the prior art semiconductor Integrated drcuit using 
the PLL; 

FIG. 3 shows a timing chart of the second configu- 
ration exannple of the prior art semiconductor inte- 
20 grated drcuit shown in FIG. 2; 

FIG. 4 shows a block diagram of a first embodiment 
of a first-type semiconductor integrated circuit using 
a plurality of PLLs according to the present inven- 
tion; 

25 FIG, 5A and FIG. SB show graphs for explaining a 
relationship of a control range of an oscillation-fre- 
quency control signal and a frequency variable 
range of an osdilation output signal in the semicon- 
ductor integrated circuit shown in FIG. 4. FIG. 5A 

30 shows the relationship being in practical use in the 
semiconductor integrated circuit according to the 
present invention; 

FIG. 6A shows a cross-sectional view of the semi- 
conductor integrated circuit shown in FIG. 4 for 

35 explaining isolating means; 

FIG. 6B shows a top plan view of the semiconduc- 
tor integrated circuit shown in FIG. 6A; 
FIG. 7A shows a cross-sectional view of a modifica- 
tion of the semiconductor integrated circuit shown 

40 in FIG. 6A. in which an oscillator is further isolated; 
FIG. 7B shows a top plan view of the modification of 
the semicorKluctor integrated circuit shown In FIG. 
7A; 

FIG. 8 shows a block diagram of a second embodi- 
45 ment of the first-type semiconductor integrated cir- 
cuit using a plurality of PLLs according to the 
present invention; 

FIG. 9 shows an illustration for explaining a connec- 
tion configuration of the PLLs of the second embod- 
so iment of the first-type semiconductor integrated 
circuit shown in FIG. 8; 

FIG. 10 shows a schematic diagram of an osdilator 
including a differential output drcuit in the semicon- 
ductor integrated drcuit shown in FIG. 9; 
55 FIG. 1 1 shows a schematic diagram of a differential 
receive drcuit in the semiconductor integrated cir- 
cuit shown in FIG. 9; 

FIG. 12 shows a block diagram of a third embodi- 
ment of the first-type semiconductor integrated cir- 
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cuit using a PLL circuit according to the present 
invention; 

FIQ. 1 3 shows a first entodiment of a second-type 
semiconductor integrated circuit according to the 
present invention using a PLL circuit as a clock s 
recovery circuit; 

FIG. 14 shows a schematic diagram of an oscillator 
osciyating at multiple frequency bands, which oscil- 
lator is used in the first en4>odiment of the second- 
type semiconductor integrated circuit shown in FIG. ic 
13; 

FIG. 15 shows a schematic diagram of another con- 
figuration example of the oscillator used in the first 
emtxxliment of the second-type semiconductor 
integrated circuit shown In FIG. 13; is 
FIG. 16 shows a schematic diagram of still another 
configuration example of the oscillator used in the 
first embodiment of the second-type semiconductor 
integrated circuit according to the present invention 
shown in FIG. 13. 20 
FIG. 17 shows a second embodiment of the sec- 
ond-type semiconductor integrated circuit accord- 
ing to the present invention using a PLL circuit as a 
clock recovery circuit; 

FIG. 18 shows a timing chart of an operation of the 25 
second embodiment of the second-type semicon- 
ductor integrated circuit shown in FIG. 17; 
FIG. 19 shows a configuration example of a pulse 
generating circuit and a delay circuit in a retiming 
block shown in FIG. 17; 30 
FIG. 20A shows a configuration example of an 
oscillator in the PLL circuit of the second embodi- 
ment of the second-type semiconductor integrated 
circuit shown in FIG. 17; and 
FIG. 20B shows a schematic diagram of one of dif- 35 
ferential inverter circuits constituting the oscillator 
shown in FIG. 20A. 

DETAILED DESCRIPTION QF THE PREFERRgP 
EMBODIMENTS 40 

In the following descriptions, a term "a phase- 
locked loop (PLL)" is used. The PLL commonly is con- 
staicted with a voltage controlled oscillator (VCO). a 
divider, a phase comparator (phase detector), and a 45 
loop filter, and may be formed by a single IC (PLL-IC). 
The VCO commonly Includes a resonator element, the 
divider commonly includes a prescaler, and the loop fil- 
ter commonly includes a large value capacitor. In practi- 
cal use, the resonator element, the prescaler, and the so 
capacitor may be provided externally of the PLL-IC. Par- 
ticularly, when a frequency of the oscillator inaeases to 
a high radio frequency, a whole oscillator may be pro- 
vided externally of the PLL-IC. 

However, in the present invention, it should be 55 
noted that the term "PLL" indicates not only a normal 
PLL including the resonator element, the prescaler, and 
the capacitor, but also a PLL having interfaces for con- 
necting externally provMed components such as the 



resonator element, the prescaler, and the capacitor. 
Therefore, in the specification, in one case, the term 
"PLL" may be referred to as "a unit circuit". 

In this specification, two types of semiconductor 
integrated circuits using the PLL according to the 
present invention will be described. 

(1) First-type semiconductor integrated circuit 

Rrst, a desaiption will be given of a first embodi- 
ment of a first-type semiconductor integrated circuit 
using a plurality of phase locked loops (PLLs) according 
to the present invention, by referring to FIG. 4 to FIG. 
78. FIG. 4 shows a block diagram of the first embodi- 
ment of the first-type semiconductor integrated circuit 
using a plurality of PLLs according to the present inven- 
tion. FIG. 5A and FIG. 58 show graphs for explaining a 
relattonship of a control range of an oscillation-fre- 
quency control signal 202a and a frequency variable 
range of an oscillation output signal 203a in tiie semi- 
conductor integrated circuit shown in FIG. 4. FIG. 5A 
shows the relationship being in practical use in the sem- 
iconductor integrated circuit according to tiie present 
invention. 

FIG. 6A shows a cross-sectional view of the semi- 
conductor integrated circuit shown in FIG. 4 lor explain- 
ing isolating means, and FIG. 6B shows a top plan view 
of the semiconductor integrated circuit shown in FIG. 
6A. FIG. 7A shows a cross-sectional view of a modifica- 
tion of tiie semiconductor integrated circuit shown in 
FIG. 6A. in which an oscillator 203-1, 203-2 is further 
isolated. FIG. 78 shows a top plan view of the modifica- 
tion of Bie semiconductor integrated circuit shown in 
FIG. 7A. 

In FIG. 4. a semiconductor integrated circuit 10 is 
consfructed witii two PLLs 20A, 20B which are con- 
nected in series. The two PLLs 20A and 208 have sub- . 
stantially the same basic configuration which is 
constructed witii an oscillator 203-1. 203-2, a divkier 
204-1, 204-2, a phase comparator 201-1, 201-2. and a 
loop filter 202-1. 202-2. 

In each PLL, an oscillation output signal 203a-1, 
203a-2 of the oscillator 203-1 , 203-2 is divided by a divi- 
sion ratio n^ , n2 (n^ , ng = 1 , 2. 3 ) in the divider 204-1 , 

204-2. A divided signal 204a-1 . 204-2 is compared with 
input data 11-1,11-2 according to frequency and phase. 
A phase comparison signal 201a-1. 201a-2 produced 
from the phase comparator 20 M, 201-2 is transited 
tiirough tiie loop filter 202-1 , 202-2 and is integrated to 
generate an oscillation-frequency control signal 202a- 1 , 
202a-2. By the oscillation-frequency control signal 
202a-1. 202a-2. the frequency of the oscillator 203-1. 
203-2 is controlled to n^, n2 times the frequency of tiie 
input data 11-1. 11-2. 

In the semiconductor integrated circuit 10 accord- 
ing to the present invention, the two PLLs 20A and 20B 
are connected in series such tiiat the oscillation output 
signal 203a-1 of ttie former-stage PLL 20A is provided 
to the phase comparator 201-2 of ttie tatter-stage PLL 
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20B as the input data 1 1 -2 of the PLL 20B. Further, the 
frequency fa of the oscillation output signal 203a-2 of 
the latter-stage PLL 20B is set to higher than the fre- 
quency f 1 of the oscillation output signal 203a-1 of the 
former-stage PLL 20A. 

Therefore, in the PLLs 20A and 208. the first oscil- 
lator 203-1 and the second osdilator 203-2. and the first 
loop filter 202-1 and the second loop filter 202-2 respec- 
tively may be different from each other. Further, in one 
case, the division ratios n^ and n2 in the dividers 204-1 
and 204-2 also may be different. 

If the above-discussed semiconductor integrated 
circuit 10 is constructed with a single PLL. a divider hav- 
ing a division ratio x n2 is required, and an output 
oscillation signal of the semiconductor integrated circuit 
10 may be generated by multiplying an input data 11-1 
thereof by a large multiplication ratio (n^ x na). 

In the semiconductor integrated circuit 10 shown in 
FIG. 4, since a plurality of PLLs are connected in series 
to construct the semiconductor integrated circuit, there 
is no need for a single PLL process using the large mul- 
tiplication ratio, and each PLL circuit may process the 
multiplying operation by the multiplication ratio less than 
(n^ X n^. The practical multiplication ratio (division ratio) 
allocated to each PLL is determined by a total multipli- 
cation ratio and the numt)er of PLLs constituting the 
semiconductor integrated circuit. 

For example, when the frequencies of the input 
data 1 1 -1 and the oscillation output signal 203a-2 of the 
semiconductor integrated circuit 10 are respectively set 3o 
to be 1 MHz and 100 MHz. the oscillation output signal 
203a-2 is provided by multiplying the input data 11 -1 by 
100. However, in the semiconductor integrated circuit 
10 constructed with the two PLLs 20A and 20B which 
are connected in series, for example, each PLL may be 35 
formed so as to respectively multiply the input data 11- 
1 , 1 1-2 by 10 to generate the respective oscillation out- 
put signal 203a-1 . 203a-2. 

In the above-discussed configuration, the fre- 
quency f-i of the oscillation output signal 203a-1 of the 40 
PLL 20A is 1 0 MHz, and the frequency fa of the oscilla- 
tion output signal 203a-2 (an output signal of the semi- 
conductor integrated circuit 10) of the PLL 20B is 100 
MHz. 

In this case, in each of the PLLs 20A and 20B, 45 
when the oscillator 203-1 203-2 operates so as to gen- 
erate 1 0 pulses, at least one pulse of the input data 11- 
1 . 11-2 may be supplied to the phase comparator 201- 
1, 201-2. Namely, as compared to the prior art case 
where a single PLL is used, 10 times the control infor- so 
mation may be fed back to an oscillator control input 
through the phase comparator 201-1. 202-2 and the 
loop filter 202-1, 202-2. 

Therefore, according to the present invention, even 
if a large total nnultiplication ratio (division ratio) is 55 
required for generating the high-frequency signal based 
on the low-frequency signal in the semiconductor inte- 
grated circuit using the PLL. by providing a plurality of 
PLLs connected in series, the large total multiplication 



ratio may be divided into the plurality of PLLs. Accord- 
ingly, the control information for the osdilator increases, 
and. thus, an extremely stable high-frequency oscilla- 
tion output signal may be produced. . 

In the following, a description will be given of the • 
control range of the oscillation-frequency control signals 
202a-1 and 202a-2 of the PLLs 20A and 20B in the 
semiconductor integrated circuit 10 shown in FIG. 4, by 
referring to FIG. 5A and FIG. 5B. 

In the semiconductor integrated drcuit 10 accord- 
ing to the present invention, the loop filter 202-2 of the 
latter PLL 20B is formed so that the control range of the 
oscillation-frequency control signal 202a-2 of the loop 
filter 202-2 is larger than that of the oscillation-fre- 
quency control signal 202a-1 of the loop filter 202-1 in 
the former PLL 20A. 

In FIG. 5A and FIG. 5B. when the oscillation-fre- 
quency control signal 202a-1 of the former PLL 20A is 
V1 (V). the frequency of the oscillation output signal 
203a-1 of the PLL 20A is f 1 (Hz). In this case, the con- 
trol range of the osdilation-frequency control signal 
202a-1 about VI is represented by 6V1 (V). and the var- 
iable frequency range of the oscillation output signal 
203a-1 about f1 is represented by 5f1 (Hz). 

In the same way, when the osdilation-frequency 
control signal 202a-2 of the latter PLL 20B is V2 (V). the 
frequency of the oscillation output signal 203a-2 of the 
PLL 20B is f2 (Hz). In this case, the control range of the 
oscillation-frequency control signal 202a-2 about V2 is 
represented by 5V2 (V), and the variable frequency 
range of the oscillation output signal 203a-2 about f2 is 
represented by Sf2 (Hz). 

Further. FIG. 5A and FIG. 5B show cases where 
the oscillators 203-1 and 203-2 have substantially the 
same output frequency conversion gain (a ratio of the 
variable frequency range 6f of the oscillation output sig- 
nal 203a to the control range 6V of the oscillation-fre- 
quency control signal 202a: 5f/6V). Therefore, the ratio 
6f1/6V1 in the first osdilator 203-1 is sut)stantiaily equal 
to the ratio 6f2/6V2 in the second oscillator 203-2. 

As shown in FIG. 5B, if the control range 6V1 of the 
oscillation-frequency control signal 202a-1 of the former 
PLL 20A is substantially the same as the control range 
8V2 of the oscillation-frequency control signal 202a-2 of 
the latter PLL 20B, the variable frequency range 6f1 of 
the first oscillator 203-1 of the PLL 20 A is also the same 
as the variable frequency range $f2 of the second osdi- 
lator 203-2 of the PLL 20B. 

In the above case, since the frequency f2 of the 
second osdilator 203-2 is larger than the frequency f 1 of 
the first oscillator 203-1 . a ratio of the variable frequency 
range Sf2 to the osdilation frequency f2 in the PLL 20B 
is less than a ratio of the variable frequency range ftf 1 to 
the osdilation frequency f 1 in the PLL 20A by f 1/f2. 

For example, on the assumption that f1 = 10 MHz. 
and f2 = 1 00 MHz. the ratio 8f2/ff2 is less than the ration 
6f1/f1 by 1/10. As a result, there is a problem that con- 
trol performance of the oscillation output signal 203a-2 
in the PLL 20B may be degraded as compared to that of 
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the oscillation output signal 203a-1 in the PLL 20A by 
approximately 1/10. 

Therefore, in the semiconductor integrated drcuit 
10 according to the present invention, as shown In FIG. 
5A. so that the control performance of the oscillation 5 
output signal 203a-2 in the PLL 20B may be equal to or 
larger than that of the oscillation output signal 203a-1 in 
the PLL 20A. the control range SV2 of the oscillation-fre- 
quency control signal 202a-2 is set to be larger than the 
control range 6V1 of the osdilation-frequency control io 
signal 202a-1, 

For methods of achieving the atjove-discussed con- 
dition, for example, a time constant of the second loop 
filter 202-2 in the PLL 20B Is set to be less than that of 
the first loop filter 202-1 in the PLL 20A. In another 75 
method, an amplifier may t>e provided between the sec- 
ond loop filter 202-2 and the second oscillator 203-2 in 
the PLL 20B in order to amplify the oscillation-frequency 
control signal 202a-2 of the PLL 208 so as to be larger 
than the oscillation-frequency control signal 202a-1 of so 
the PLL20A. 

As discussed above, according to the present 
invention, in addition to providing a plurality of PLLs 
connected in series, the control range of the oscillation- 
frequency control signal 202a-2 of the latter connected 25 
PLL 20B is adjusted so that the variable frequency 
range of the oscillation output signal 203a-2 of the PLL 
20B is larger than tiiat of the oscillation output signal 
203a-1 in the former connected PLL 20A. Therefore, 
even if a large multiplication ratio is required to generate so 
a high-frequency signal in the semiconductor integrated 
circuit using the PLL circuit, a stable oscillation signal 
may be obtained in each PLL stage, and, thus, an 
extremely stable high-frequency oscillation signal may 
be obtained from the whole semiconductor integrated 35 
circuit. 

In the above description, as shown in FIG. 5A. the 
discussion has been given in the case where the osdl- 
lators 203-1 and 203-2 have substantially the same out- 
put frequency conversion gain (the ratio 6f1/6V1 in the 40 
first oscillator 203-1 Is substantially equal to the ratio 
6f2/6V2 in the second oscillator 203-2), However, the 
present invention is not limited to the above case, but 
the following method is also applicable. 

Namely, for increasing tiie variak^le frequency range 4s 
of the oscillation output signal 203a-2 in the latter con- 
nected PLL 20B as compared to that in tiie former con- 
nected PLL 20A, the output frequency conversion gain 
6f2/6V2 In the second oscillator 203-2 of the PLL 20B Is 
set to be larger than the output frequency conversion so 
gain 8f 1/5V1 in the first oscillator 203-1 of the PLL 20A. 

Therefore, also in the above-discussed method that 
the output frequency conversion gain 8f2/5V2 in the lat- 
ter connected PLL 20B is set to be larger than the out- 
put frequency conversion gain 6f1/5V1 in the. former ss 
connected PLL 20A. even if a large multiplication ratio is 
required to generate a high-frequency signal in the sem- 
iconductor integrated circuit using the PLL circuit, an 
extremely stable high-frequency oscillation signal may 



be obtained from the semiconductor integrated circuit. 

Next, a description will be given of a manufacture 
configuration of tiie semiconductor integrated circuit 10 
using the PLLs, by referring to FIG. 6A to FIG. 7B. In the 
semiconductor integrated circuit 10 according to the 
present invention, a plurality of PLLs 20A. 208 are 
formed in tiie same LSI subsft-ate for integrating a 
number of PLLs with high density. However, when a plu- 
rality of PLLs are Integrated with high density, there is a 
problem that electromagnetic intenruption generated 
from the PLLs may influence the other PLLs. 

TTierefore. as shown in FIG. 6A and FIG. 6B. 
between regions of the PLLs 20A, 20B. isolating regions 
23 for electrically Isolating the PLLs from each other are 
provided. In addition to providing the isolating regions 
23 between the PLLs. as shown in FIG. 7A and FIG. 7B. 
otiier isolating regions 23 may be provided around the 
oscillators 203 in tiie respective PLLs in order to further 
isolate the electromagnetic interruption caused by the 
oscillators 203 of the PLLs. As a result in tfie semicon- 
ductor integrated circuit 10, a further stable high-fre- 
quency oscillation output signal may be generated. 

Next, a description will be given of a second 
embodiment of the first-type semiconductor integrated 
circuit using a plurality of PLLs according to the present 
invention, by refem'ng to FIG. 8 to FIG. 1 1 . FIG. 8 shows 
a block diagram of the second embodiment of the first- 
type semiconductor integrated circuit using a plurality of 
PLls according to tiie present invention. In the second 
embodiment, power sources 23A, 23B and eartii 
grounds 24A, 24B are respectively provided for tiie 
respective PLLs 20A, 208 in the first embodiment 
shovm in FIG. 4. 

FIG. 9 shows an illustration for explaining a connec- 
tion configuration of the PLLs 20A and 20B of tiie sec- 
ond embodiment of the first-type semiconductor 
integrated circuit. FIG. 10 shows a schematic diagram 
of an oscillator including a differential output circuit In 
tiie semiconductor integrated circuit shown in FIG. 9. 
FIG. 1 1 shows a schematic diagram of a differential 
receive circuit in tiie semiconductor integrated circuit 
shown in FIG. 9. 

Elements in the second embodiment which are the 
same as those of the first embodiment are given the 
same reference numerals. 

In the first embodiment of the semiconductor inte- 
grated circuit 10 shown in FIG. 6B. the isolating regions 
23 are provided around respective PLL circuit regions. 
In the second embodiment of the semiconductor Inte- 
grated circuit 10 shown in FIG. 8. dedicated power 
sources 23A. 23B (each power source voltage is Vcc) 
are respectively provided for each PLL 20A, 20B. 

In further detail, to the PLL 20A. tiie power source 
23A for supplying operating power and an earth ground 
24A are connected, and to tiie PLL 20B. the power 
source 23B for supplying operating power and an eartii 
ground 24B are connected. In the configuration, tiie 
power source 23A and tiie power source 23B are elec- 
trically isolated from each otiier. and, also the eartii 
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ground 24A and the earth ground 24B are electrically 
isolated from each other. 

In this way. by electrically isolating the power 
sources 23A, 23B. and the earth grounds 24A, 24B, the 
electromagnetic interruption between the PLLs 20Aand 
20B may be reduced. As a result, an extremely stable 
high-frequency oscillation output signal may be gener- 
ated in the second embodiment of the semiconductor 
integrated circuit 10. 

In the second embodiment of the semiconductor 
Integrated circuit 10, since the individual power source 
23A. 238 is provided for each PLL circuit 20A. 20B, the 
output signal and the input signal between the PLL cir- 
cuits 20A, 20B are converted to a differential signal. 
Therefore, in the PLL 20A, a differential output circuit 

205 for generating the differential signal is provided, and 
in the PLL 20B. a differential receive circuit 206 for 
receiving the differential signal is provided. 

In further detail, as shown in FIG. 9, the oscillation 
output signal 203a-1 of the former PLL 20A is converted 
to a differential oscillation output signal 205a in the dif- 
ferential output circuit 205, and. substantially the differ- 
ential oscillation output signal 205a is provided to an 
input of the differential receive circuit 206 of the PLL 
20B. 

As shown in FIG. 11, the differential receive circuit 

206 in the PLL 20B receives the differential oscillation 
output signal 205a produced from the differential output 
circuit 205. and converts it into the single-line input data 
1 1 -2 to provide it to the phase comparator 201 -2 of the 
PLL 20B. 

On the other hand, in the first oscillator 203-1 
shown in FIG. 10, the differential output circuit 205 is 
included as a differential conversion circuit. The oscilla- 
tion output signal 203a-1 of the first oscillator 203-1 is 
converted into the differential oscillation output signal 
205a by the included differential output circuit 205. 
Therefore, in the second embodiment, the differential 
oscillation output signal 205a is provided to the latter 
PLL 20B, as compared to the first embodiment in which 
the single oscillation output signal 203a-1 of the PLL 
20 A is provided to the PLL 20B. 

As discussed above, the PLL 20B is connected to 
the PLL 20A in series through the differential oscillation 
output signal 205a. However, as shown in FIG. 9, on an 
input side of the PLL 20A, the differential receive circuit 
206 is not provided, instead, the single-line input data 
1 1 is directly applied to the phase comparator 201-1 of 
the PLL 20A. Further, on an output side of the PLL 20B. 
the differential output circuit 205 is not provided. 
Instead, the single-line oscillation output signal 203a-2 
is produced from the second oscillator 203-2 of the PLL 
20B. 

In the following, detailed descriptions will be given 
of operations of the differential output circuit 205 and 
the differential receive circuit 206. 

In FIG. 1 0. the first oscillator 203-1 including the dif- 
ferential output circuit 205 in the former PLL 20A is a 
voltage-controlled oscillator circuit using an emitter-cou- 



pled-type multivibrator constructed with transistors 01 
to Q9, resistors R1. R2. and load resistors RLs. The 
load resistors RLs connected to the power source Vcc 
are elements for setting a current 21 (= 0.7/RL) by 

5 which an oscillation frequency is determined using a 
voltage decrease (approximately 0.7 V) due to diodes 
D1 . D2. An externally input control voltage 303 is a sig- 
nal for controlling an amplitude voltage of the oscillation 
output signal 203a-l of the PLL 20 A. 

10 In the following, the oscillation operation of the first 
oscillator 203-1 (emitter-ooupled-type multivibrator) 
including the differential output circuit 205 will be ana- 
lyzed. 

In the emrtter-coupled-type multivibrator 203. a 
15 constant-current circuit is constructed with the transis- 
tors 05 to Q8. the diodes D1 , D2, arxi the resistor R2. 
The transistor 09 is used for an emitter follower transis- 
tor. The diodes D1 . D2, and the transistors 01 . Q2 are 
respectively diodes and transistors for a level shift, and 
20 make the basic emitter-coupled-type multivibrator con- 
structed with the transistors Q3 and Q4 operate in a 
high-frequency region which is an active state of the 
transistors Q3, 04. When such level-shift diodes and 
transistors are not provided, the basic emitter-coupled- 
25 type multivibrator is subject to operate at a saturation 
state. 

Next, a description will be given of an oscillation 
time period of the above-discussed emitter-coupled- 
type multivibrator. 
30 When the transistor 01 is set to be in an ON state 
and the transistor Q4 is set to be in an OFF state, since 
a base voltage of the transistor 03 is 4.3 V, a current I 
flows from an emitter side of the transistor 03 to an 
emitter side of the transistor 04 as shown by an an^ow, 
35 a capadtor C is charged, whereby a voltage potential of 
the transistor 04 decreases. When a voltage on the 
emitter side of the transistor 04 becomes less than a 
base voltage of the transistor 04 by approximately 0.7 
V, the transistor 04 is set to be in an ON state, and the 
40 transistor 03 is set to be in an OFF state. As a result, a 
collector voltage of the transistor 04 is inverted. After 
that, the above-discussed operation is repeated, and. 
thus, the oscillation operation nnay be carried out. 

In the oscillation operation, the oscillation time 
45 period is determined by a charging time of the capacitor 
C. a charging current I. etc. In further detail, when a volt- 
age between the base and the emitter of the transistor 
is represented by VBE, the oscillation time period T is 
given by the following equation. 

so 

T (= 1 / oscillation frequency) = 4 C (VBE) / 1 

In FIG. 1 1, the differential receive circuit 206 of the 
PLL 20B is constructed with a differential amplifier cir- 
55 cuit having the power source Vcc, transistors Q1 0. 01 1 , 
and resistors R3. R4. and a constant-current circuit con- 
nected to an emitter side of the differential amplifier cir- 
cuit. The constant-current circuit is constructed with a 
transistor 012 and a resistor RIO. and is operative as a 



30 



35 



40 



45 



SO 



9 



lO 



constant-current source for supplying a constant current 
to the differential amplifier circuit by controlling to apply 
a constant base voltage Vcs to a base of the transistor 
Q12. 

Differential input ports constructed with bases of s 
the transistors Q10, Q11 can receive the differential 
oscillation output signal 205a produced from the differ- 
ential output circuit 205 of the PLL 20A. Further, the 
transistor Q10 converts the received differential osctlla- 
tion output signal 205a into the single-line input data 1 1 , io 
and transmits it to thQ phase comparator 201-2 of the 
PLL20B. 

By using the above<liscussed differential opera- 
tion, the electromagnetic Intenruption between the PLLs 
may be reduced, and a mismatch between the PLLs is 
may be prevented. As a result, an extremely stable high- 
frequency oscillation signal may be generated in the 
semiconductor integrated circuit 10. 

Next, a description will be given of a third ennbodi- 
ment of the first-type semiconductor integrated circuit 20 
using a plurality of PLLs according to the present inven- 
tion, by referring to FIG. 12. FIG. 12 shows a block dia- 
gram of the third embodiment of the first-type 
semiconductor integrated circuit using a plurality of 
PLLs according to the present invention. Elements in 25 
the third embodiment which are the same as those of 
the first and second embodiments are given the same 
reference numerals. 

Before the description of the third embodiment, a 
problem in the first embodiment will be discussed. In the 30 
first embodiment of the semiconductor integrated circuit 
10 shown in FIG. 4, by providing a plurality of PLLs con- 
nected in series and allocating the large division ratio 
into a plurality of small division ratios, degradation of the 
oscillation control information for each PLL circuit may 35 
be prevented, and, thus, an extremely stable frequency 
oscillation signal can be obtained. 

In the first entoodiment. as shown in FIG. 5A. when 
the oscillation-frequency control signal 202a-1 of the 
former PLL 20A is VI (V). the frequency of the osdlla- 40 
tion output signal 203a-1 of the PLL 20A is f1 (Hz). In 
this case, the control range of the oscillation-frequency 
control signal 202a-1 atx)ut VI is represented by 6V1 
(V). and the variable frequency range of the oscillation 
output signal 203a-1 about the f 1 is represented by 5f 1 45 
(Hz). 

In the same way. when the oscillation-frequency 
control signal 202a-2 of the latter PLL 20B is V2 (V), the 
frequency of the oscillation output signal 203a-2 of the 
PLL 20B is f2 (Hz) . In this case, the control range of the so 
oscillation-frequency control signal 202a-2 about V2 is 
represented by 6V2 (V). and the variable frequency 
range of the oscillation output signal 203a-2 about the f2 
is represented by 6f2 (Hz). 

For example, in the above-discussed PLL 20B. ss 
when the frequency f2 of the oscillation output signal 
203a-2 of the second oscillator 203-2 is divided by the 
division ratio n in the divider 204-2. and is equal to the 
frequency f1 of the input data 11-2, the variable fre- 



quency range 6f2 is also divided into 6f2/n according to 
the division ratio n. Therefore, the variable frequency 
range $f2/n is fed back to the phase comparator 201 -2. 
and, thus, the control range in the phase comparator 
201-2 is decreased. As a result there is a problem in 
that an operation range of the phase comparator 201 -2 
may be reduced. 

On the contrary, in the third embodiment of the 
semiconductor integrated circuit 10 shown in FIG. 12. a 
single PLL circuit 20 niay be provided. In the PLL circuit 
20. the division ratio n in the divider 204 is set so that a 
frequency obtained by dividing the frequency f2 of the 
oscillation output signal 203a by the division ratio n is 
less than the frequency f1 of the input data 11 (namely. 
f1 < (f2/n)). 

By setting the division ratio n of the divider 204 as 
discussed above, a relatively large variable frequency 
range 5f2/n may be fed back to the phase comparator 
201, and, thus, degradation of the control range in the 
phase comparator 201 may be reduced. Therefore, 
even if a large multiplication ratio is required to generate 
a high-frequency signal in the semiconductor integrated 
circuit using the PLL circuit, an extremely stable high- 
frequency oscillation signal may be obtained from the 
semiconductor integrated circuit. 

In the above-discussed first and second embodi- 
ments of the first-type semiconductor integrated circuit 
according to the present invention, the two PLL circuits 
20A and 20B are provided. However, the present inven- 
tion is not limited to the above configuration, but is appli- 
cable to a semiconductor integrated circuit having a 
plurality of PLLs more than two PLLs. 

Further, in the third embodiment of the semicon- 
ductor integrated circuit shown in FIG. 12, a single PLL 
is provided. However, the configuration of the PLL 
shown in FIG. 12 (third embodiment) is applicable to at 
least one of the PLLs shown in the first and second 
embodiments. 

(2) Second-type semiconductor integrated circuit 

Next, descriptions will be given of the second-type 
semiconductor integrated circuit according to the 
present invention. The second-type semiconductor inte- 
grated circuit according to the present invention shows 
a dock recovery circuit using the PLL circuit. 

FIG. 13 shows a first embodiment of the second- 
type semiconductor integrated circuit according to the 
present invention using a PLL circuit as a clock recovery 
circuit. Elements in FIG. 13 which are the same as 
those of FIG. 12 are given the same reference numer- 
als. 

In a conventional clock recovery circuit using the 
PLU in addition to the PLL circuit constructed with the 
oscillator, the divider, the phase conrparator. and the 
loop filter, a retiming block, for example, the block 9B 
shown in FIG. 2 is provided. In the above-discussed 
clock recovery circuit, an input data having communica- 
tion random data (irregularly transmitted communica- 
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tion data) is provided to the phase comparator, but the 
input data synchronized with a dock (regularly transmit- 
ted communication data) shown in FIG. 4 is not pro- 
vided to the phase comparator. 

Therefore, in the PLL operation, a degree of control s 
information for controlling the oscillator is less than that 
of the conventional PLL in which the regularly transmit- 
ted data is provided. Accordingly, when the conventional 
PLL is used in the clock recovery circuit, there is a prob- 
lem in that the PLL operation may become unstable, io 
and an error may occur in the retiming data. 

To overcome the above<liscussed problem, a sem- 
iconductor integrated circuit 30 shown In FIG. 13 Is pro- 
posed. In the semiconductor integrated circuit 30, a PLL 
circuit 20 and a retiming block 30A constitute the dock 75 
recovery drcuit. The PLL drcuit 20 is constructed with 
an oscillator 203. a phase comparator 201 , and a loop 
fitter 202. In the PLL circuit 20. a divider is not provided. 
The retiming block 30A may be constructed with the 
conventional drcuits shown in FIG. 2. 20 

Since the semiconductor integrated circuit 30 is 
operative as a clock recovery circuit, instead of the dock 
synchronized input data (regularly transmitted data), the 
random communication data (irregularly transmitted 
data) as input data 11 is provided to the phase compa- 25 
rator201. 

In the phase comparator 201. the input data 11 is 
directly compared with the oscillation output signal 203a 
according to phase and frequency, and a phase Com- 
parison signal 201 a is produced as a result of compari- 30 
son. The phase comparison signal 201a is integrated 
and converted to an oscillation-frequency control signal 
202a in the loop filter 202. By the osdllation-frequency 
control signal 202a, the frequency of the oscillator 203 
is contrdled so as to be adjusted to a frequency of a 35 
clock induded in the input data 1 1 . 

Further, in the semiconductor integrated drcuit 30. 
a data transmission rate M (bps) of the input data 1 1 
may be changed to a rate M/n (n = 1 . 2, 3 ). There- 
fore, for always adjusting the data transmission rate M/n 40 
of the input data 1 1 . the oscillator 203 is fabricated so as 
to generate a plurality of frequendes corresponding to 
the data transmission rate M/n. 

Namely, when the data transmission rate of the 
input data 11 is M. the oscillator 203 generates the 4S 
oscillation output signal 203a at a frequency M (Hz), 
when the data transmission rate of the input data 1 1 is 
M/2, the oscillator 203 generates the oscillation output 
signal 203a at a frequency M/2 (Hz), and when the data 
transmission rate of the input data 1 1 is M/3, the osdila- so 
tor 203 generates the oscillation output signal 203a at a 
frequency M/3 (Hz).... 

In this way. the osdilation output signal 203a is fed 
back to the phase comparator 201 without passing 
through the divider, and is always directly compared ss 
with the input data 1 1 . Therefore, a degree of control 
information produced from the phase connparator 201 
may be increased as compared to the conventional PLL 
including the divider and the oscillator generating only 



one frequency band. As a result, an error is prevented 
from being caused in the retiming data. 

In the following, a description will be given of the 
oscillator 203 shown in FIG. 13. 

FIG. 14 shows a schematic diagram of the osdilator 
203 osdilating at multiple frequency bands shown in 
FIG. 13. The oscillator 203 shown in FIG. 14 is con- 
structed with an emitter-coupled-type multivibrator 302 
and a plurality of cun-ent switches 301-1 to 301-4. The 
emitter-coupled-type multivibrator 302 has substantially 
the same configuration as that of the oscillator 205 
shown in FIG. 10. 

In the emitter-coupled-type multivibrator 302 shown 
in FIG. 14. the oscillation output signal 203a is produced 
as a single line output. The current switches 301 -1 . 301 - 
2 are connected to a first current path of the emitter- 
coupled-type multivibrator 302. and the current switches 
301-3. 301-4 are connected to a second current path 
thereof. The current switches 301-1 to 301-4 are 
respectively controlled by cun^ent switch terminals SI to 
S4. 

According to ON and OFF operations of the current 
switches 301 -1 to 301 -4. the frequency of the oscillation 
output signal 203a of the oscillator 203 is controlled. In 
further detail, when the data transmission rate of the 
input data 1 1 is M/n (n = 1 . 2. 3. ...). the current switches 

301 -1 to 301 -4 are controlled to be ON and OFF so that 
the oscillator 203 generates the osdilation output signal 
203a at frequency M/n (Hz). 

In the following, a detailed description will be given 
of operations of the emitter-coupled-type multivibrertor 

302 and the current switches 301 -1 to 301-4. 

The current switch 301-1 is constructed with tran- 
sistors Q21. Q22, Q29, and a resistor R11. the current 
switch 301-2 is constructed with transistors Q23. Q24. 
Q30. and a resistor R12. the cunrent switch 301-3 is 
constructed with transistors Q25. Q26, Q31. and a 
resistor R13, and the current switch 301-4 is con- 
structed with transistors Q27, Q28. 032. and a resistor 
R14. Collectors of the cun-ent switches 301-1 to 301-4 
are connected to a power source voltage Vcc in com- 
mon. 

In the current switch 301 -1 . the transistors Q21 and 
Q22 construct a differential amplifier circuit and the tran- 
sistor Q29 and the resistor R1 1 construct a constant- 
current circuit which is connected to an emitter-coupled 
side of the differential amplifier circuit. In the same way, 
the other current switches 301-2 to 301-4 are respec- 
tively constructed with the differential amplifier drcuit 
arxi the constant-current circuit which is connected to 
the emitter-coupled side of the differential amplifier cir- 
cuit. 

Further, bases of the transistors Q21. 023. Q25, 
and Q27 are respectively connected to the current 
switch terminals 81 . 82. S3, and S4. /Mso. bases of the 
transistors 022. 024. Q26. and 028 are connected to a 
constant voltage VB as a reference vdtage. 

For example, when a larger voltage than the con- 
stant voltage VB is applied to the current switch terminal 
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SI of the transistor Q21 , the transistor Q21 is set to be 
conductive, and the transistor Q22 is set to be un-con- 
ductive. Therefore, the transistor Q29 Is connected to 
the transistor Q5 in parallel. At this time, the curent pro- 
duced from the cun-ent source of the transistor QS and 
the current produced from the current source of the 
transistor Q29 which is set to be substantially the same 
as the current of the transistor Q5 may flow through the 
transistor Q3 of the multivibrator 302. 

In the same way. when a larger voltage than the 
constant voltage VB is applied to the cun-ent switch ter- 
minal S2 of the transistor Q23, the transistor Q23 Is set 
to be conductive, and the transistor Q24 is set to be un- 
conductive. Therefore, the transistor Q23 is connected 
to the transistor Q5 In parallel. At this time, the current 
produced from the current source of the transistor Q5 
and the current produced from the current source of the 
transistor Q30 which Is set to be substantially the same 
as the current of the transistor Q5 may flow through the 
transistor Q3 of the multivibrator 302. 

Further, when a larger voltage than the constant 
voltage VB is applied to the current switch terminal S3 
of the transistor Q25, the transistor Q25 is set to be con- 
ductive, and the transistor Q26 Is set to be un-conduc- 
tive. Therefore, the transistor Q25 is connected to the 
transistor 08 in parallel. At this time, the current pro- 
duced from the current source of the transistor Q8 and 
the current produced from the current source of the 
transistor Q31 which is set to be substantially the same 
as the current of the transistor Q8 may flow through the 
transistor Q4 of the multivibrator 302. 

In the same way, when a larger voltage than the 
constant voltage VB is applied to the cun-ent switch ter- 
minal S4 of the transistor Q27, the transistor 027 is set 
to be conductive, and the transistor 028 is set to be un- 
conductive. Therefore, the transistor 027 is connected 
to the transistor 08 in parallel. At this time, the current 
produced from the current source of the transistor 08 
and the current produced from the current source of the 
transistor Q32 which is set to be substantially the same 
as the current of the transistor 08 may flow through the 
transistor Q4 of the multivibrator 302. 

In the oscillator 203 shown In FIG. 14, when all the 
current switches 301-1 to 301-4 are turned on, the cur- 
rents produced from the current sources of the transis- 
tors 05. 029. and 030 may flow through the transistor 
03. and the currents produced from the current sources 
of the transistors 08, 031, 032 may flow through the 
transistor 04. In this case, the current flowing through 
the multivibrator 302 is maximized, and according to the 
maximum current, the oscillation output signal 203a 
having the frequency M (Hz) is generated from the oscil- 
lator 203 (emitter-coupled-type multivibrator 302). 

When the cuaent switches 301-1 and 301-3 are 
turned on and the current switches 30 1 -2 and 30 1 -4 are 
turned off, the currents produced from the cun'ent 
sources of the transistors 05 and 029 may flow through 
the transistor 03. and the cun-ents produced from the 
cun^ent sources of the transistors 08 and 031 may flow 



through the transistor 04. In this case, the cun'ent flow- 
ing through the muttivibrator 302 is two-thirds of the 
maximum current, and. thus, the oscillation output sig- 
nal 203a having the frequency M x 2/3 (Hz) is generated 
5 from the oscillator 203 (emitter-coupled-type multivibra- 
tor 302). 

When all the current switches 301-1 to 301-4 are 
turned off, the currents produced from the current 
sources of the transistas 05 may flow through the tran- 

10 sistor 03, and the cunrents produced from the curent 
sources of the transistors 08 may flow through the tran- 
sistor 04. In this case, the cun-ent flowing through the 
multivibrator 302 is one-third of the maximum current, 
and, thus, the oscillation output signal 203a having the 

15 frequency M x 1/3 (Hz) is generated from the osdllatoir 
203 (emitter-coupled-type multivibrator 302). 

In this way, in the above-discussed oscillator 203 
which is constructed with the muKivibrata 302 and the 
current switches 301-1 to 301-4. by controlling the cur- 

20 rent switches 30 1 - 1 to 301 -4. the frequency of the oscil- 
lator 203 may be flexibly changed and may be easily 
adjusted to the transmission data rate of the input data 
1 1 in the clock recovery circuit shown in FIG. 13. 

Therefore, even if the transmission data rate of the 

25 input data to the clock recovery circuit is changed, the 
oscillation output signal whose frequency is the same 
as the transmission data rate may be generated and be 
directly compared with the input data according to 
phase and frequency. Accordingly, a degree of the con- 

30 trd Information produced from the phase comparator 
may be increased. As a result a stable PLL operation in 
the clock recovery circuit may be carried out, and error- 
less recovery data may be generated. 

Next, a description will be given of another conf igu- 

35 ration example of the oscillator 203 used in the second- 
type semiconductor integrated circuit according to the 
present invention shown in FIG. 1 3. 

FIG. 1 5 shows a schematic diagram of another con- 
figuration example of the oscillator 203 used in the sec- 

40 ond-type semiconductor integrated circuit according to 
the present invention shown in FIG. 13. Elements in 
FIG. 15 which are the same as those of FIG. 14 are 
given the same reference numerals. 

In the oscillator 203 shown in FIG. 15, the emitter- 
's coupled-type multivibrator 302 has substantially the 
same configuration as that of the multivibrator 302 
shown in FIG. 14, and the same current switches 301 -1 
to 301-4 are also provided to the emitter-coupled-type 
multivibrator 302. Particularly, in the oscillator 203 

so shown in FIG. 1 5, a linearizing circuit 31 0 is provided on 
an output side of the emitter-coupled-type multivibrator 
302. 

In general, the frequency of the multivibrator 302 is 
determined by an amplitude voltage which is given by 21 
55 x RL (21 is a current flowing through a load resistor RL). 
However, when the control voltage 303 for controlling 
the frequency of the multivibrator 302 is changed, the 
current 21 also changes. At this time, the amplitude volt- 
age (= 21 X RL) is also changed. In this case, for obtain- 
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ing a linear output to the control voltage 303, the 
linearizing circuit (namely, means for carrying out a con- 
stant-current operation) needs to be provided. 

When the linearizing circuit 310 is provided in the 
voltage-controlled-type emitter-coupled-type multivibra- 
tor 302. even if the externally supplied control voltage 
303 is changed, the current 21 may be maintained at the 
constant current. Therefore, the amplitude voltage of 
the oscillation output signal 203a may be linearly con- 
trolled. 

In the following, a detailed description will be given 
of an operation of the linearizing circuit 310 shown in 
FIG. 15, The linearizing circuit 310 is a differential-type 
constant-current circuit, which is constructed with tran- 
sistors Q36, Q37. Q38 and resistors R15, R16, R18. 

In the multivibrator 302 including the linearizing cir- 
cuit 310, when the transistor Q36 detects a collector 
voltage of the transistor Q4 at a base of the transistor 
Q36, the transistor Q36 is set to be conductive. In the 
same way. when the transistor Q37 detects a collector 
voltage of the transistor Q3 at a base of the transistor 
Q37. the transistor Q37 is set to be conductive. 

The transistor Q38 and the resistor R1 8 constitute a 
constant-current source circuit, which supplies a con- 
stant current to the resistors R1 5 and R1 6 by applying a 
constant base voltage Vcs to a base of the transistor 
Q38. The resistors R15. R16 and the constant current 
generate differential constant voltages. The differential 
constant voltages are differentially amplified in a differ- 
ential amplifier constructed with transistors Q35. Q39 
(which have respectively load transistors Q33. Q34 on 
the collector sides thereof). 

The differential outputs from the transistors Q35. 
Q39 are respectively provided to the transistors Q3, Q4. 
In this way, since the differential outputs are generated 
based on the resistors R15, R16 and the constant cur- 
rent, the differential outputs provided to the Q3. Q4 are 
maintained at a constant value. Therefore, the cunrent 21 
flowing through the toad RL may be also a constant cur- 
rent. As a result, the amplitude voltage of the oscillation 
output signal 203a may be linearly controlled. 

As discussed atx)ve, by providing such a linearizing 
circuit 310 to the oscillator 203. a stable PLL operation 
in the dock recovery circuit may be carried out, and 
errorless recovery data may be generated from the 
semiconductor integrated circuit 30. 

Next, a description will be given of still another con- 
figuration example of the oscillator 203 used in the sec- 
ond-type semiconductor integrated circuit according to 
the present invention shown in FIG. 13. 

FIG. 16 shows a schematic diagram of still another 
configuration example of the oscillator 203 used in the 
second-type semiconductor integrated circuit according 
to the present invention shown in FIG. 13. 

The oscillator 203 shown in FIG. 16 is constructed 
with a ring oscillator 305A in which a plurality of selec- 
tors 304-1 to 304-3 for switching a number of buffer gate 
stages are provided. By controlling the selectors 304-1 
to 304-3. a loop delay in the ring oscillator 305A may be 



changed, whereby the oscillation frequency of the ring 
oscillator 305A may be also changed. The buffer gate 
stages for generating the loop delay and the selectors 
304 are constructed so that the oscillation frequency of 

5 the oscillation output signal 203a may be changed to 
the frequency M/n (Hz) corresponding to the transmis- 
sion rate of the input data 1 1 shown in FIG. 1 3. 

In FIG. 16. for example, a transmission delay of 
each buffer gate stage is formed so as to be equal to a 

10 transmission delay of each selector (namely, it is con- 
sidered that the selector is also one gate). In each 
selector, when an ON signal (for example, a togic "H*^ is 
provided to a selection terminal Si. a path D1 is 
selected, and when an OFF signal (for example, a logic 

15 "L") is provided to the selection terminal Si. a path D2 
is selected. 

When all the selectors 304-1 to 304-3 select the D2 
paths by the OFF signals being provided to the selec- 
tion terminals 81. the number of gate stages in the ring 
20 oscillator 305A is three gate stages which is the mini- 
mum number of stages. For example, the delay of one 
gate is set so that the frequency M of the oscillation out- 
put signal 203a is generated at that three stage condi- 
tion. 

25 In the above configuration, when the selectors 304- 
1. 304-2 are controlled to select the D1 paths and the 
selector 304-3 is controlled to select the D2 path, the 
number of gate stages in the ring oscillator 305A is six 
gate stages. Therefore, the frequency M x 1/2 (Hz) of 

30 the osdltation output signal 203a is generated from the 
oscillator 203 (ring osdilator 305A). 

Further, for generating the frequency M x 1/3 (Hz) 
of the oscillation output signal 203a from the oscillator 
203. the selector 304-1 is controlled to select the D1 

35 path and the selectors 304-2, 304-3 are controlled to 
select the D2 paths, whereby the number of gate stages 
in the ring oscillator 305A is nine gate stages. 

As discussed above, by providing such selectors for 
switching the number of gate stages in the loop of the 

40 ring oscillator 305A. the ring oscillator 305A may oscil- 
late at the frequency corresponding to the transmission 
rate of the input data 1 1 of the PLL drcuit. The oscilla- 
tion output signal 203a of the ring oscillator 305A may 
be directly compared with the input data 1 1 . As a result, 

45 a stable PLL operation in the clock recovery circuit may 
be carried out. and errorless recovery data may be gen- 
erated from the semiconductor integrated circuit 30. 

In the above descriptions of the first embodiment of 
the second-type semiconductor integrated drcuit 30 

50 shown in FIG. 13. the oscillation frequency M/n (Hz) of 
the oscillator 203 is controlled to be identical to the 
transmission rate M/n (bps) of the input data 1 1 . 

However, in the semiconductor integrated drcuit 30 
shown in FIG. 13. regardless of variations of the trans- 

55 mission rate of the input data 1 1 . it is possible for the 
oscillator 203 to always oscillate at the frequency M (Hz) 
which corresponds to the receivable maximum trans- 
mission rate of the input data 1 1. In this case, for exam- 
ple, even when the transmission rate M/h of the input 
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data 11 is provided to the clock recovery circuit and 
when the oscillator 203 oscillates at the frequency M 
(Hz), the PLL circuit may operate In a stable condition 
by properly constituting the phase comparator 201. 
Such a configuration of the phase comparator 201 is 5 
well-known, and, thus, a description of the phase com- 
parator 201 is omitted here. 

In the above-discussed case, the oscillation output 
signal 203a of the oscillator 203 is also directly fed back 
to the phase comparator 201 without passing through 10 
the divider. Therefore, a loop gain in the PLL circuit is 
prevented from being degraded. As a result, a stable 
PLL operation in the dock recovery circuit may be car- 
ried out, and errorless recovery data may be generated 
from the semiconductor integrated circuit 30. is 

Next, descriptions will be given of a second embod- 
iment of the second-type semiconductor integrated cir- 
cuit according to the present invention. 

FIG. 17 shows a second embodiment of the sec- 
ond-type semiconductor integrated circuit according to 20 
the present invention using a PLL circuit as a ctock 
recovery circuit FIG. 18 shows a timing chart of an 
operation of the second embodiment of the second-type 
semiconductor integrated circuit shown in FIG. 17. Ele- 
ments in FIG. 17 which are the same as those of FIG. 25 
13 are given the same reference numerals. 

In the second embodiment of the second-type sem- 
iconductor integrated circuit 30, as compared to the first 
embodiment shown in FIG, 13, the divider 204 is pro- 
vided in the PLL circuit 20. The PLL circuit 20 may oper- 30 
ate in the same way as the PLL 20A, 20B shown in FIG. 
4. Namely, the osdilation output signal 203a of the osdl- 
lator 203 is divided by n (n = 1 , 2, 3,...) in the divider 204 
to produce the divided signal 204a. The cSvided signal 
204a is conrpared with a detected pulse 306a gener- 35 
ated based on the input data 1 1 in the phase compara- 
tor 201. 

The phase comparator 201 , the loop tater 202, and 
the osdilator 203 of the PLL circuit 20 are constructed 
so that a leading edge or a trailing edge of the oscillation 4o 
output signal 203a is positioned at substantially the 
center of the detected pulse 306a. 

The retiming block 30A of the second embodiment 
of the second-type semiconductor integrated drcuit 30 
is constructed with a pulse generating drcuit 306. a 45 
delay drcuit 307, and a retiming drcuit 308. In the retim- 
ing block 30A, different from the retiming block 9B 
shown in FIG. 2, the delay drcuit 307 is provided 
between the input data 1 1 and the retiming circuit 308. 
Further, an inverted signal of the oscillation output sig- so 
nal 203a is supplied to the retiming circuit 308 as a 
retiming clock. 

As shown in FIG. 18. the pulse generating drcuit 
306. in the same way as the pulse generating circuit 5 
shown in FIG. 2. detects a transition of tiie input data 1 1 55 
and generates the detected pulse 306a having a pulse 
width 6t. The detected pulse 306a is provided to the 
phase comparator 201 to be compared with the divided 
signal 204a. 



The delay drcuit 307, when the leading edge or the 
trailing edge of the oscillation output signal 203a is con- 
trolled to be positioned at substantially the center of the 
pulse width 5t of tiie detected pulse 306a, delays the 
input data 11 by a delay time W2 and generates 
delayed data 307a. In this case, as discussed later, the 
delay time 6t/2 may be precisely obtained from the pulse 
width 6t of the detected pulse 306a. 

The retiming circuit 308 carries out a retiming oper- 
ation for the delayed data 307a by the le^ing edge a 
the frailing edge of the inverted signal of the oscillation 
output signal 203a (the trailing edge in the case shown 
in FIG. 18). and generates retiming data 308a. For the 
retiming circuit 308. a flip-flop drcuit is usable. For 
example, when a D-type flip-flop circuit is used, the 
delayed data 307a is applied to a data terminal D of the 
D-type flip-flop drcuit, and tiie inverted signal of tiie 
oscillation output signal 203a is applied to a dock termi- 
nal thereof. 

In the above-discussed configuration of tiie semi- 
conductor integrated drcuit 30 shown in FIG. 17, when 
tfie delay time W2 in tfie delay circuit 307 is changed 
due to an outside temperature, fluctuation of an opera- 
tion power source, dispersion due to manufacture, etc., 
in the same way, the pulse width 8t of tiie detected pulse 
306a is also changed. 

Furttier. as discussed previously, the PLL circuit is 
constructed so that the leading edge or tiie trailing edge 
of the oscillation output signal 203a is controlled to be 
positioned at substantially the center of the pulse width 
6t of the detected pulse 306a. Therefore, even if tiie 
delay time 5t/2 in the delay drcuit 307 is changed, the 
leading edge or the trailing edge of the oscillation output 
signal 203a may be positioned at substantially tiie 
center of the pulse width 6t of the detected pulse 306a. 

Accordingly, as shown in FIG. 18. the leading edge 
or the trailing edge of the oscillation output signal 203a 
may be always positioned at substantially the center of 
tiie input data 1 1 , even if the delay time in the delay cir- 
cuit 307 is changed. As a result, the clock recovery cir- 
cuit in the semiconductor integrated circuit 30 is 
prevented from being Influenced from outside tempera- 
ture, fluctuation of an operation power source, disper- 
sion due to manufacture, etc., and errorless recovery 
data may be generated. 

In the following, a description will be given of a con- 
figuration example of tiie pulse generating circuit 306 
and the delay circuit 307 in the retiming block 30A. 

FIG. 1 9 shows a configuration example of the pulse 
generating circuit 306 and the delay circuit 307 in tfie 
retiming block 30 A shown in FIG. 17. FIG. 19 shows a 
combination circuit of the pulse generating drcuit 306 
and tiie delay drcuit 307. 

In the combination circuit, the pulse generating cir- 
cuit 306 is constructed witii former gate stages (having 
tiiree buffer gates), latter gate stages (having three 
buffer gates), and a logically synthesizing drcuit. The 
former gate stages and the latter gate stages are con- 
nected in series, and the input data 1 1 is delayed by a 
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delay time 6t through both the gates stages. 

The delayed-by-5t input data (6t-delayed signal) 
and the input data 1 1 without passing any gates are log- 
ically synthesized in the logically synthesized circuit. For 
the logically synthesized circuit, a variety of logical at- 
cuits are usable. For example, when an exclusive OR 
(EX-OR) circuit is used for the logically synthesized cir- 
cuit, the detected pulse 306a having the pulse width 6t 
shown in FIG. 18 may be easily obtained as the 
detected pulse 306a. 

Further, in the combination circuit shown in FIG. 19, 
the delay circuit 307 is constructed with the fomier 
buffer gate stages. In a process of manufacturing the 
semiconductor integrated circuit, it is easy to determine 
a ratio of the delay times of the former gate stages and 
the latter gate stages. Therefore, by precisely designing 
the ratio of the delay times of both gate stages, the 
delayed'by-6t/2 input data (5t/2-delayed signal) may be 
precisely obtained as the delayed data 307a. 

In this way. the pulse generating circuit 306 and the 
delay circuit 307 in the retiming block 30A of the semi- 
conductor integrated circuit 30 shown in FIG. 1 7 may be 
easily constructed as a combination circuit. Therefore, 
the clock recovery circuit of the semiconductor inte- 
grated circuit 30 may be simplified. Further, the clock 
recovery circuit in the semiconductor integrated drcuit 
30 is prevented from being influenced from outside tem- 
perature, fluctuation of an operation power source, dis- 
persion due to manufacture, etc.. and errorless recovery 
data may be generated. 

In the following, a description will be given of a con- 
figuration example of the oscillator 203 In the PLL circuit 
of the second embodiment of the second-type semicon- 
ductor integrated circuit 30 shown in FIG. 17. 

FIG. 20A shows a configuration example of the 
oscillator 203 in the PLL circuit of the second embodi- 
ment of the second-type semiconductor integrated cir- 
cuit 30 shown in FIG. 17. FIG. 20A shows a differential 
ring oscillator 305B constructed with a plurality of differ- 
ential circuits 305C. FIG. 20B shows a schOTiatic dia- 
gram of one of the differential circuits 305C constituting 
the differential ring oscillator 305B shown in FIG. 20A. 

In general, when the ring oscillator is used, it is 
important that a duty ratio of an oscillation output of the 
ring oscillator is controllable. If the duty ratio of the oscil- 
lation output is not properly adjusted (not 50%), it 
becomes difficult to adjust the leading edge or the trail- 
ing edge of the inverted signal of the oscillation output 
signal 203a to substantially the center of the pulse of the 
input data 11. 

In a conventional single-line-type ring oscillator, 
since signal transition times for rising transition and fall- 
ing transition are different, the duty ratio of the oscilla- 
tion output may be easily shifted from 50%. As a result, 
when the retiming operation is carried out by the 
inverted signal of the oscillation output signal 203a. the 
retiming point may be shifted. Further, since the input 
data 1 1 has phase fluctuation due to noise, at the worst 
case, an error occurs in the retiming data 308a. 



To resolve the above-discussed problem due to an 
improper duty ratio, the differential ring oscillator 305B 
may be applied to the oscillator 203. As discussed in the 
following, the differential ring oscillator 305B nrey have 
5 the proper duty ratio (substantially 50%). 

In FIG. 20B, the differential circuit 305C is con- 
structed with a differential amplifier circuit, a constant- 
current circuit, and two output circuits. The differential 
amplifier circuit is constructed with transistors Q40. 
10 Q41, and resistors R20. R21 respectively connected to 
collectors of the transistors Q40, Q41 . Differential inputs 
IN. /IN produced from the former connected differential 
circuit 305C are respectively provided to bases of the 
transistors Q40, Q41. 
15 A constant-current circuit operating as a constant- 
current source is connected to emitters of the transis- 
tors Q40. Q41 in the differential amplifier circuit, and is 
constructed with a transistor Q44 and a resistor R22. 

A first output circuit is constructed with transistors 
Q42. Q45 and a resistor R23 which are connected in 
series. The first output circuit receives a voltage of a 
node between the resistor R21 and the transistor Q41 , 
and amplifies the node voltage to produce it to a differ- 
ential output terminal OUT. A second output circuit is 
constructed with transistors Q43. Q46 and a resistor 
R24 which are connected in series. The second output 
drcuit receives a voltage of a node between the resistor 
R20 and the trarsistor Q40. and amplifies the node volt- 
age to produce it to a differential output terminal /OUT 
In FIG. 20A, seven differential circuits 305C are 
connected in series, namely the differential outputs 
OUT and /OUT of the former differential circuit 305C are 
respectively connected to the differential inputs IN and 
/IN of the latter differential circuit 305C. However, the 
differential outputs OUT and /OUT of the seventh differ- 
ential circuit 305C (most right side circuit in the drawing) 
are inversely connected to the differential inputs /IN and 
IN of the first differential drcuit 3050 (most left side cir- 
cuit in the drawing). In this way. the differential ring oscil- 
lation may be carried out. 

in the differential ring oscillator 305B. a differential 
voltage between the rising transition and the falling tran- 
sition may be amplified and transmitted through the 
ring. Therefore, from the differential ring oscillator 305B. 
the oscillation output signal 203a having the proper duty 
ratio (substantially 50%) may be obtained. 

Accordingly, the leading edge or the trailing edge of 
the inverted signal of the oscillation output signal 203a 
may be precisely adjusted to substantially the center of 
the detected pulse 306a. arKi, also may be precisely 
adjusted to substantially the center of the data pulse of 
the input data 11. 

As a result, regardless of outside temperature, fluc- 
tuation of an operation power source, dispersion due to 
manufacture, etc.. the proper duty ratio of the osdilator 
203 may be obtained in the PLL clock recovery drcuit of 
the semiconductor integrated drcuit 30, and, thus, 
errorless recovery data may be generated. 

Further, the present invention is not limited to these 
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embodiments, but other variations and modifications 
may be made without departing from the scx)pe of the 
present invention. 

Claims 5 

1. A semiconductor integrated circuit (10) generating 
a stabilized oscillation signal based on an input sig- 
nal, the circuit characterized in that there are pro- 
vided: 10 

a plurality of unit circuits (20A, 20B) connected 
in series, each of said unit circuits having at 
least an oscillator (203), a divider (204), and a 
phase comparator (201) which construct at is 
least one part of a phase-locked loop: 

wherein a frequency of an oscillation 
output signal (203a-2) of a latter one (20B) of 
said unit circuits is larger than that of an oscilla- 
tion output signal (203a- 1) of a former one 20 
(20A) of said unit circuits. 

2. The semiconductor integrated circuit (10) as 
claimed in claim 1, characterized in that each of 
said unit circuits comprises a loop filter (202). and a 25 
loop filter (202-2) provided in the latter one (20B) of 
said unit circuits generates an oscillation-frequency 
control signal (202a-2) larger than that (202a-1) 
generated from a loop filter (202-1) provided in the 
former one (20A) of said unit drcuits. 30 

3. The semiconductor integrated circuit (10) as 
claimed in claim 1 , characterized in that the oscilla- 
tor (203-2) provided in the latter one (20B) of said 
unit circuits has a variable frequency range larger 35 
than that of the oscillator (203-1) provided in the 
former one (20A) of said unit circuits. 

4. The semiconductor integrated circuit (10) as 
claimed in claim 1 . characterized in that there is fur- 40 
ther provided isolating means (23) for electrically 
isolating said unit circuits (20) from each other. 

5. The semiconductor integrated circuit (10) as 
claimed in daim 1 , characterized in that there is fur- 45 
ther provided a dedicated power source (23A, 238) 

for each of said unit drcuits (20 A. 20B). 

6. The semiconductor integrated circuit (10) as 
claimed in claim 1 , characterized in that at least one so 
of said unit circuits comprises: 

at least one of a differential output circuit (205) 
and a differential receive circuit (206); 

wherein: 55 
said differential output circuit (205) couples 
with an output part of said oscillator (203-1). 
and converts said oscillation output signal 
(203a-1) of said osdilator (203-1) into a differ- 



ential oscillation output signal (205a) to be 
transmitted to the latter one (20B) of said unit 
circuits; and 

said differential receive circuit (206) couples 
with an input part of said phase comparator 
(201-2). receives said differential oscillation 
output signal (205a) transmitted from said dif- 
ferential output drcuit (205) provided in the 
former one (20A) of said unit circuits, and con- 
verts said differential oscillation output signal 
(205a) Into an input signal (11) of said phase 
comparator (201-2). 

7. The semiconductor integrated drcuit (10) as 
daimed in claim 1 , characterized in that said divider 
(204) provided in at least one of said unit circuits 
(20) comprises a division ratio (n) less than a ratio 
of the frequency of said oscillation output signal 
(203a) to a frequency of an input signal (11) of said 
phase comparator (201 ). 

8. A semiconductor integrated drcuit (30) induding a 
unit circuit (20) which constructs at least one part of 
a phase-locked loop and operates as a clock recov- 
ery circuit to generate a synchronized oscillation 
signal based on input data, and retiming means 
(30A) which generates recovery data by said oscil- 
lation output signal from said input data, said unit 
drcuit characterized in that there are provided: 

an oscillator (203) generating an oscillation 
output signal (203a) whose osdilation fre- 
quency is changed to substantially M x (m/n) 
when a transmission rate of said input data (11) 
is changed to M x (m/n) , where M is a given 
frequency, and m, n are 1 . 2, 3....; and 
a phase comparator (201); 

wherein said oscillation output signal 
(203a) generated in said osdifator (203) is pro- 
vided to said phase comparator (201) without 
passing through a divider and is directly com- 
pared with said Input data. 

9. The semiconductor integrated circuit (30) as 
daimed in daim 8. characterized in that said oscil- 
lator (203) comprises: 

a multivibrator (302) for generating said oscilla- 
tion output signal (203a) whose frequency is 
determined by a current ftowing through said 
multivibrator (302); and 

current switches (301-1 to 301-4) coupling to 
said multivibrator (302) and controlling said 
current flowing through said multivibrator (302), 
said current switches (301-1 to 301-4) respec- 
tively having current sources; 

wherein by controlling said cun-ent 
switches (301-1 to 301-4) to add currents of 
said cunrent sources to said current flowing 



16 



31 



EP0806 837A2 



32 



through said multivibrator (302). said oscillation 
frequency of the oscillation output signal (203a) 
of the oscillator (203) is changed to substan- 
tially M X (m/n) . 

5 

10. The semiconductor integrated circuit (30) as 
claimed in claim 8. characterized in that said oscil- 
lator (203) comprises: 

a ring oscillator (305A) including: io 

a plurality of gate circuits connected in 
series In a ring; and 

at least one switch means (304-1 to 304-3) 
for changing the number of said gate cir- is 
cuits in said ring; 

wherein by controlling said switch 
means (304-1 to 304-3) to change the number 
of said gate circuits in said ring, said oscillation 20 
frequency of the oscillation output signal (203a) 
of the oscillator (203) is changed to substan- 
tially M X (m/n) . 

11. A semiconductor integrated circuit (30) including a 25 
unit circuit (20) which constructs at least one part of 

a phase-locked loop and operates as a clock recov- 
ery circuit to generate an oscillation output signal 
based on input data, and retiming means (30A) 
which generates recovery data by said osdllation 30 
output signal from said input data, said unit circuit 
characterized in that there are provided: 

an oscillator (203) generating said oscillation 
output signal (203a) whose oscillation fre- 35 
quency band is substantially fixed to M even 
when a transmission rate of said input data (11) 
is changed to M x (m/n) . where M is a given 
frequency, and m, n are 1, 2. 3....; and 
a phase comparator (201); 40 

wherein said oscillation output signal 
(203a) generated in said oscillator (203) is pro- 
vided to said phase comparator (201) without 
passing through a divider and is directly com- 
pared with said input data. 45 

12. A semiconductor integrated circuit (30) including a 
unit circuit (20) which constructs at least one part of 
a phase-locked loop arKi operates as a clock recov- 
ery circuit to generate a synchronized oscillation so 
signal based on input data, and retiming means 
(30A) which generates recovery data by said osdl- 
lation output signal from said input data, said retim- 
ing means (30A) characterized in that there are 
provided: ss 

a pulse generating circuit (306) detecting a 
level transition of said input data and generat- 
ing a detected pulse (306a) having a pulse 



width 6t to be provided to said unit circuit (20); 
a delay circuit (307) delaying said input data by 
a given delay time determined based on said 
pulse width 6t in order to produce delayed data 
(307a); and 

a retiming circuit (308) can-ying out a retiming 
operation for said delayed data (307a) by one 
of a leading edge and a trailing edge of said 
synchronized osdllation signal (203a) in order 
to generate said recovery data. 

13. The semiconductor integrated circuit (30) as 
daimed in claim 12. characterized in that said unit 
circuit (20) substantially comprises a phase-locked 
loop operating so that one of said leading edge and 
said trailing edge of said synchronized oscillation 
signal is adjusted to substantially the center of said 
pulse width 5t of said detected pulse (306a). and 
said given delay time of the delay circuit (307) is set 
to be substantially St/2, whereby one of said leading 
edge and said trailing edge of said synchronized 
oscillation signal is adjusted to substantially the 
center of one data pulse width of said delayed data 
(307a). 

14- The semiconductor integrated drcuit (30) as 
claimed in claim 13. characterized in that said pulse 
generating circuit (306) and said delay drcuit (307) 
construct a combination circuit, said combination 
drcuit comprising a first delay circuit delaying said 
input data (1 1) by said given delay time 5t/2. a sec- 
ond delay circuit delaying an output of said first 
delay drcuit by said given delay time 6t/2. and a log- 
ically synthesizing circuit synthesizing said input 
data and delayed data transmitted through said first 
delay circuit and said second delay circuit so as to 
generate said detected pulse (306a) having said 
pulse width 6t; and said delayed data (307a) of the 
delay circuit (307) is derived from said output of 
said first delay drcuit. 

15. The semiconductor integrated circuit (30) as 
daimed in claim 13, characterized in that said 
phase-locked loop conrprises a differential ring 
oscillator (305B). 
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FIG. 11 




28 



EP 0 806 837 A2 




29 



EP0 806 837A2 



CO 



CO 




30 



EP 0 806 837 A2 




32 



EP0806 837 A2 




33 



EP0 806 837 A2 



CO 
CO 

if ^ o 



<z> 

CO 



CD 




L } 



34 



EP 0 806 837 A2 



X 



X 



XI 



X 



X 



X 



CO 



X 



X 



X 



X 



X 



CO 



OC3 



0€-^ CO 



CO 



35 



EP0 806 837A2 




36 



EP 0 806 837 A2 



FIG. 20A 




FIG. 20B 



-305C 




R20 ^R21 



IN 



1 



LQ42 




Q40 Q4i 



/ I N 



Vcs 



Q44 Q45 



-Vcc 



,OUT 
O 



youT 



Q46 



R22 



R23 ^ R24 



• 1 



O- 



I N 

y I N O— 7 01 




OUT 



-/OUT 



305 C 



37 



(19) 



J 



I 



(12) 



Europdisches Patentamt 
European Patent Office 
Off ice europ^en des brevets (11) EP 0 806 837 A3 

EUROPEAN PATENT APPLICATION 



(88) Dateof publication A3: 

0ai2.1999 Bulletinl 999/49 

(43) Date of publication A2: 

12.11.1997 Bulletin 1997/46 

(21) Application number: 96308327.4 

(22) Date of filing: 18.11.1996 



(51) intCl.^: H03L7/23. H03L 7/099, 
H04L 7/033 



(84) Designated Contracting States: 


• Ohishi, Syouji 


DE FR GB 


Nakahara-ku, Kawasaki-shi, Kanagawa 211 (JP) 


(30) Priority: 08.05.1996 JP 11398696 


(74) Representative: 




Stebbing, Timottiy Charles et al 


(71) Applicant: FUJITSU UMITED 


Haseltine Lake & Co., 


Kawasakl-shi, Kanagawa 211-8588 (JP) 


Imperial House, 


(72) Inventors: 


15-19 Kingsway 


London WC2B 6UD (GB) 


• Tamamura, Masaya 


Nakahara-ku, Kawasaki-shi, Kanagawa 21 1 (JP) 





(54) Semiconductor integrated circuit operable as a phase-focked loop 



(57) A semiconductor integrated circuit (10) gener- 
ating a stabilized oscillation signal based on an input 
signal is disclosed. The circuit includes a plurality of unit 
circuits (20A, 206) connected in series, each of the unit 
circuits having at least an oscillator (203), a divider 
(204), and a phase comparator (201) which construct at 



least one part of a phase-locked loop. In the unit circuit, 
a frequency of an oscillation output signal (203a-2) of a 
latter one (208) of the unit circuits is larger than that of 
an oscillation output signal (203a-1) of a former one 
(20A) of the unit circuits. 



FIG. 4 



PLL I 



imiT 

DATA 



T 

n-1 1 



nusB 

COPARATOB 



ail-1 201 a H 



PIBST UOP 
FILTBE 



202- 1 202a -1 

z: 



203-1 j 



PIBST 
OSCIUATtt 



204a-l • 



DmDGIt:l/nl 



2D4-1 



4^' 



PLt2 



20B 



<n-2) 



nusB 

COFKRATOR 



»|-2 201 a -2 



SECOND unp 



202-2 202 a -2 209-2 



OSCIUATQR 



204a-2' 



PIVIDEB: I/D2 



10 



3a>2 



Primad by Xerox (UK) Business Services 
2.16.7/3.6 



cr u ouo CM/ Ma 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 30 8327 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy 



Citation of document with indication, where appropriate. 
of relevant passagas 



Relevant 
todaim 



CUkSSIFICATON OF THE 
APPUCATKM Ont-CU) 



Y 
A 



EP 0 493 607 A (MATSUSHITA ELECTRIC IND CO 
LTD) 8 July 1992 

* page 7, line 3 - page 8, line 9; figures 
5A-5C * 



EP 0 663 744 A (FUJITSU LTD) 19 July 1995 

♦ column 17, line 38 - column 18, line 33; 
figures 25,26 * 

PATENT ABSTRACTS OF JAPAN 
vol. 008, no. 004 (E-220), 10 January 1984 
& JP 58 170229 A (TOKYO SHIBAURA DENKI 
KK), 6 October 1983 

* abstract * 



RYUTARO HORITA ET AL: "A 32MB/S DISK 
DRIVE DATA SEPARATOR FOR CONSTANT DENSITY 
RECORDING" 

PROCEEDINGS OF THE CUSTOM INTEGRATED 
CIRCUITS CONFERENCE, SAN DIEGO, MAY 12 - 
15. 1991, 

13, 12 May 1991. pages 

4, XP000295713 
INSTITUTE OF ELECTRICAL AND ELECTRONICS 
ENGINEERS 

* page 9.6.1, column 2. line 5 - page 
9.6.3, column 1, line 11; figures 1-3 * 



1-3,7 

4,5 
4.5 

1-3.7 

4,5 
8,9 



H03L7/23 

H03L7/099 

HO4L7/033 



TECHNICAL RELOS 
SEARCHED (lnLCI.«> 



no. CONF. 
9.6.1-9.6 



H03L 
H04L 



10 
11 



-/-- 



The present search report has been drawn up for all ctaims 



THE HAGUE 



DaM Of eenvtoflon Of ttw sMfch 

29 January 1999 



Examimr 

Balblnot, H 



CATEGORY OF CITED DOCUMENTS 

X : particularty relevant if taken alone 
Y : pafticularv relevant if combined with another 
document of the same categoiy 

A : technologicat background 
O : non-writt«n d»cl08ui» 
P : intermediate document 



T : theory or principle underlying the InvenUon 
E : earlier patent document, but published on. or 

aRer the (ling date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



2 



EP 0 806 837 A3 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 30 8327 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citatian of documem with indicaiion, where appropriate, 
ol ralevani passages 



Relevant 
toclalw 



CIJISSIFICATION OF THE 
APPUCATIOM (imXI.«) 



A 
X 



y 

Y 



JUNICHI GOTO ET AL: "A PROGRAMMABLE CLOCK 
GENERATOR WITH 50 TO 340 MHZ LOCK RANGE 
FOR VIDEO SIGNAL PROCESSORS" 
PROCEEDINGS OF THE CUSTOM INTEGRATED 
CIRCUITS CONFERENCE, SAN DIEGO, MAY 9 - 
12, 1993, 

no! CONf! 15, 9 May 1993, pages 
4.04.01-4.04.04, XP000409643 
INSTITUTE OF ELECTRICAL AND ELECTRONICS 
ENGINEERS 

* the whole document * 

POTTBACKER A ET AL: "AN 8 GHZ SILICON 

BIPOLAR CLOCK-RECOVERY AND 

DATA-REGENERATOR IC" 

IEEE JOURNAL OF SOLID-STATE CIRCUITS, 

vol. 29, no. 12, 1 December 1994, pages 

1572-1576, XP000495335 

New York, US 

* page 1572, column 1, line 1 - page 1574, 
column 1, line 40; figures 1-5 * 



WO 93 25023 A (ERICSSON TELEFON AB L M) 
9 December 1993 

* page 2, line 12 - line 26 * 

* page 5, line 10 - page 11, line 24 * 

* page 16, line 12 - page 19, line 6; 
figures 1,2,6,7 ♦ 



US 5 399 995 A (KARDONTCHIK JAIME E ET 
AL) 21 March 1995 

* abstract * 

* column 2, line 26 - line 64; figures 
1.3,4 * _ 

-/-- 



10 



10,11 
12-14 



TECHNICAL RELOS 
SEARCHED <im.a.6) 



15 



15 



The present search report tias been drawn up for all claims 



THE HAGUE 



Oato ol compt«tion of tfm search 

29 January 1999 



Examinsr 

Balblnot, H 



CATEGORY OF CITED DOCUMENTS 

X : particuiarty rvlovant if lokon alone 

Y : particularty rotovant if oombined vwth anothor 

document of the same category 
A : tachnotogicaJ background 
O : non-wiitten disdosuro 
P : intemnediata document 



T : theory or principle undartying the invention 
£ : eartier patent document, but published on, or 

alter the filing date 
O : document cited in the application 
L : document cited for otf>er reasons 



A : member of ttre same patent family, corresponding 
document 



EP0 806 837 A3 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appiicatton Number 

EP 96 30 8327 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
of retevant passages 



Relevant 
to Claim 



CLASSinCATION OF THE 
APPLICATION (lntCI.6) 



SAM YINSHANG SUN: "A HIGH SPEED HIGH 
JITTER TOLERANT CLOCK AND DATA RECOVERY 
CIRCUIT USING CRYSTAL BASED DUAL PLL" 
PROCEEDINGS OF THE BIPOLAR CIRCUITS AND 
TECHNOLOGY MEETING, MINNEAPOLIS, SEPT. 9 - 
10, 1991,9 September 1991, pages 293-296, 
XP000245991 
JOPKE J 

* the whole document * 



15 



TECHNICAL HELOS 
SEARCHED {lnt.CL6) 



The present search repon has been drawn up for aJl claims 



Ptaco of Match 


Oa» ot eomplaiion of itM sM<ch 


Examiner 


THE HAGUE 


29 January 1999 


Balblnot, H 



CATEGORY OF CITED DOCUMENTS 

X : parttcutarty relevant if taken alone 

Y : particuiarty relavant IT eombirted with another 

document of the same category 
A : technological background 
O : norHttfritten disclosure 
P : intermediate document 



T - theory orpnnciptd undertying the invention 
E : eaHiar pateru oocumem. but published on, or 

after the filing date 
D ' documert ated in the appticatton 
L . document ated tor other reasons 



A : menrtMr of the same patent family, corresponding 
documeni 



4 



EP 0 806 837 A3 



European Patent Ap|>iic«tion Numb«f 

EP 96 30 8327 



CLAIMS INCURRING FEES 



The present European patent application comprised at the time off filing more than ten claims. 

□ Only part of the claims have tjeen paid within the prescribed time limit. The present European search 
report has been drawn up for the first ten claims and for those claims for which daims tees have 
been paid, namely clajm(s): 



□ No claims fees have been paid within the prescrit^ed time limit. The present European search report has 
been drawn up for the first ten claims. 



LACK OF UNfTY OF INVENTION 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 



see sheet B 



p("l All further search fees have been paid within the fixed time limit The present European search report has 
I— ' tjeen drawn up for all claims. 



I I Only part of the further search fees have been paid within the fixed time limit. The present European 
I — ' search report has been drawn up for those parts of the European patent application which relate to the 
inventions in respect of which search fees have been paid, namely claims: 



None of the further search fees have been paid within the fixed time limit. The present European search 
report has t>een drawn up for those parts of the European patent application which relate to the Invention 
first mentioned in the claims, namely claims: 



EP0 806837 A3 



J 



European Patent 
Office 



LACK OF UNITY OF INVENTION 
SHEET B 



AppOcaiien Numbar 

EP 96 30 8327 



i%Sts°2SS,"Sr;^^^^ par aPP'ication does no. comply wi«, me 

ui »iy u invennon ana relates to seveial inventions or groups of inventions, namely: 



1. Clalll 



1 to 7 



Semiconductor integrated circuit including a plurality of 

IJlr^ST?in^""^^ "ir^"^*^' "-^^ "nit Circuit hlJfnfat 
lltll f? oscillator, a divider and a phase comparator, for 
generating a stabilized oscillation signal based on an ZU 



2. Claim : 8 to 11 



0? I ShJ^o ?LJ"iT**®'' including at least one part 

+1 ^'"'P operating as a clock recovery circuit 

rlfVit?^^ ^" oscillation signal based on Input data? 
ret ining means and an oscillator capable of generatlna the 



3. Claims: 12-15 



of I nSS^f ?^ integrated circuit Including at least one part 
?r ^P*^"!" locked loop operating as a clock recovery circuit 
datfS'JftL-^""''""^'"^'* oscillation signal based oS lSJ 

cScu?? :«2TiCV""^^'"^'"^'^"9 * generating 
circuit, a delay circuit and a retiming circuit. 



6 



.V 



EP0 806 837 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 96 30 8327 



This annex lists the patent family memtwrs relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in ttie European Patent Office EOP file en 

The European Patent Office is in no way liable tor these particulars which are merely given for the purpose of information. 

29-01-1999 



PAtAflt tifvaimtknf 
• Owl 11 uuvumtfrii 


Putriication 




Patent family 


Publication 


cited in search repon 


date 




meml>er(s) 


date 


CP flAQ'i^fi'J A 

tr UlyjOU/ A 


08-07-1992 


JP 


4081021 A 


13-03-1992 






DE 


69124965 D 


10-04-1997 






OE 


69124965 T 


12-06-1997 






WO 


9202080 A 


06-02-1992 






US 


5272451 A 


21-12-1993 


EP 0663744 A 


19-07-1995 


JP 


7183803 A 


21-07-1995 






CA 


2131104 A 


25-06-1995 






US 


5666387 A 


09-09-1997 


WO 9325023 A 


09-12-1993 


AU 


674322 B 


. 19-12-1996 






AU 


4363893 A 


30-12-1993 






BR 


9306458 A 


30-06-1998 






CN 


1081034 A 


19-01-1994 






EP 


0643890 A 


22-03-1995 






FI 


945673 A 


01-12-1994 






MX 


9303237 A 


31-01-1994 






NO 


944570 A 


19-01-1995 






US 


5432827 A 


11-07-1995 


US 5399995 A 


21-03-1995 


NONE 







8 ~ 

ui For more details about this anrwx.: see OfTicial Journal of the European Patent Office, No. 12/82 



7 



■mis msf Blank (usPTO) 



i 




